An 80-year-old woman was admitted with continuous fever, hepatic dysfunction and cytopaenia. The presence of hepatosplenomegaly, hyperferritinaemia, hypofibrinogenaemia and phagocytosis by macrophages in the bone marrow was consistent with a diagnosis of haemophagocytic lymphohistiocytosis (HLH). We suspected that HLH was induced by preexisting tuberculosis, and antitubercular agents were started. Positive nucleic acid amplification and sputum culture for Mycobacterium tuberculosis resulted in a diagnosis of pulmonary tuberculosis. The patient improved with three months of treatment. In this patient, manifestations of HLH preceded those of pulmonary tuberculosis. A diagnosis of HLH should increase suspicion of disseminated tuberculosis and thus contribute to early detection.
INTRODUCTION
Haemophagocytic lymphohistiocytosis (HLH) follows macrophage activation and is accompanied by hypercytokinaemia. In bacteriaassociated HLH, the elimination of infected cells by immunocompetent cells such as cytotoxic T cells or natural killer cells is dysfunctional. In this condition, hyperimmunisation for infected cells is sustained and inflammatory cytokines are produced by immunocompetent cells at an abnormal level. This cytokine storm will activate macrophages, resulting in HLH state [1, 2] , presenting with fever, rash, hepatosplenomegaly, coagulation abnormalities and neurological symptoms [3] . Haemophagocytosis is observed in reticuloendothelial tissues including the bone marrow, lymph nodes, liver or spleen. In adults, HLH may be associated with infection, malignancy, rheumatologic disorders or immunodeficiency syndromes. The state of HLH as an initial manifestation of tuberculosis infection is rarely seen, as the incidence is 0.3-0.8% [4, 5] . In this patient, secondary HLH occurred following a pulmonary tuberculosis infection. Thus, a diagnosis of HLH contributes to early detection of pulmonary tuberculosis.
CASE PRESENTATION
In the summer of 2014, an 80-year-old woman complaining of a 2-week fever despite antibiotic therapy was admitted to a local hospital. She had a history of cervical disc herniation and mitral valve insufficiency. Laboratory tests revealed hepatic dysfunction and cytopaenia, and she was transferred to our hospital for further evaluation. On admission, we noted purpura of the skin and conjunctival appearance consistent with anaemia. The liver margin was palpable at a finger breadth below the central costal margin, and physical examination revealed no other abnormalities. Her blood pressure was 98/68 mmHg, pulse rate was 84 beats/min, body temperature was 37.8°C, and respiratory rate was 16 breaths/min. The blood count revealed pancytopenia, with 15. 4 12-60 ng/ml) and 9880 U/ml serum Interleukin-2 (IL-2) receptors (normal range: 145-519 U/ml) ( Table 1) . Chest computed tomography (CT) revealed a granular shadow in the lower lung field. An abdominal CT scan also revealed conspicuous hepatosplenomegaly (Fig. 1A) . Haemophagocytosis was observed in the bone marrow specimen, but there were no signs of haematological malignancy, such as myelodysplastic syndromes or leukaemia (Fig. 1B) . The clinical signs, including high fever, splenomegaly, cytopaenia affecting two lineages, hypofibrinogenaemia, haemophagocytosis in the bone marrow, hyperferritinaemia, and elevation of serum IL-2 receptors, satisfied the criteria for a diagnosis of HLH [3] . We speculated that the remarkable hepatosplenomegaly and hepatodysfunction were caused by the tuberculosis infection. As there was a possibility that HLH was induced by tuberculosis infection, an antitubercular drug regimen of isoniazid, rifampicin, ethambutol and pyrazinamide was started on day 3 after obtaining samples for culture and nucleic acid amplification testing for mycobacterial tuberculosis. The patient's respiratory status included transient hypoxia, which responded to oxygen administration. To investigate the cause of the hypoxia, we examined the chest CT scan again, and observed a granular shadow spreading to the middle lung field (Fig. 1C) . As pneumocystis or fungal pneumonia could not be definitively excluded, sulfamethoxazole/trimethoprim and antifungal drugs were administered. Considering a possible exacerbation of HLH, methylprednisolone pulse therapy (500 mg/day) was started on day 4. A liver biopsy to identify the cause of HLH was not performed due to her high bleeding risk, as reflected by her low platelet count.
Results of the nucleic acid amplification test and acid-fast staining of sputum obtained on day 5 confirmed the presence of Mycobacterium tuberculosis (M. tuberculosis). Her final diagnosis was pulmonary tuberculosis with tuberculosis-induced HLH. The antituberculosis therapy was continued and acid-fast staining was negative on day 21. The abnormal findings of cytopaenia, liver dysfunction and granular shadow in the lung improved after 1 month. Haemophagocytosis of the bone marrow was resolved after 3 months of antituberculosis therapy (Fig. 1D) , and the pulmonary tuberculosis was considered cured. The patient was transferred to her local hospital to continue tuberculosis therapy and observation.
DISCUSSION
The first report of HLH was in 1939 by Scott and Robb-Smith [6] . The clinical manifestations and organ dysfunction characteristic of HLH are caused by a severe inflammatory response to a hereditary or acquired trigger [1, 4] . The primary symptoms are fever, hyperferritinaemia, organomegaly and cytopaenia. The key pathological finding is haemophagocytosis in any tissue. This patient experienced fever, splenomegaly, cytopaenia affecting two lineages, hypofibrinogenaemia, haemophagocytosis in the bone marrow, hyperferritinaemia, and elevation of serum IL-2 receptors, all of which are consistent with the 2004 criteria for HLH [3] . Secondary HLH is caused by infection, malignancy, rheumatologic disorders or immunodeficiency syndromes [1, 4] . Approximately 70% of infectious HLH cases are caused by viruses, and the Epstein-Barr virus is predominant. Bacterial infection comprises about 18% of infectioncaused HLH, with tuberculosis involved in 7% of HLH cases [3] . Table 2 summarizes 39 HLH case reports accompanied by tuberculosis [7] [8] [9] [10] [11] [12] [13] . Splenomegaly seems to occur less frequently in tuberculosis-induced HLH than other types of secondary HLH; no other specific associations were found in those reports. Tuberculosis-induced HLH was often reported in patients younger than 65 years of age. Disseminated tuberculosis was reported in 54% of tuberculosis-induced HLH cases and involved the lungs (50%), bone marrow (32%), lymph nodes (32%) and liver (24%). Tuberculosis involved the extrapulmonary regions in 76% of cases, and about half of those cases had only extrapulmonary involvement. For that reason, a diagnosis of extrapulmonary tuberculosis involving the bone marrow, lymph nodes, or liver should increase suspicion of tuberculosis-induced HLH. A previous report noted that administration of immunosuppressive drugs for tuberculosis-induced HLH with no pulmonary findings worsened the patient's condition [14] .
There is a limitation that warrants discussion. A liver biopsy was not performed due to a relative contraindication of low platelet count. The resulting liver biopsy could have provided useful information to decide if this patient has disseminated tuberculosis or not.
In conclusion, a diagnosis of HLH contributed to the early detection and treatment of pulmonary tuberculosis. If tuberculosisinduced HLH is suspected, evaluation of extrapulmonary regions should be performed. Findings of HLH in a patient with clinical and radiographic evidence of tuberculosis should raise suspicion of disseminated tuberculosis. The data summarizes the findings of 39 case reports of HLH accompanied by tuberculosis [7] [8] [9] [10] [11] [12] [13] .
